Improving low-efficiency artificial forests represents a popular forest hydrological issue, and exploring the optimal stand density (OSD) of low-efficiency artificial forests is an effective method for improving the soil conditions of forestland to prevent the deterioration of ecological function. Water and nutrients were the main limiting factors for vegetation growth. However, relatively few studies addressed the optimization of stand density based on these two factors at the same time. In this study, a total of 176 standard plots (20 × 20 m 2 ) with six stand densities (~500,~1000,~1500,~2000,~2500 and 3000 plants·hm −2 ) were established to investigate the water resources (soil moisture content (SMC), soil evaporation rate (SER), and vegetation transpiration rate (VTR)) and soil nutrient resources (total nitrogen (TN), total phosphorus (TP), total potassium (TK), calcium (CaCO 3 ), organic matter content (OMC)) in low-efficiency Robinia pseudoacacia forestland on the Loess Plateau in western Shanxi, China from June to September each year from 2017 to 2018. The relationships between stand density and water and nutrient resources were analysed with the response surface method (RSM). The RSM results indicated that the OSD averaged 1594 plants·hm −2 and ranged from 940 to 2386 plants·hm −2 . The percentage of standard plots with an unreasonable stand density was 35.29%, and 65% of these plots had a value that was higher than the maximum in the range while 35% had a value that was lower than the minimum. These results indicate that the current stand density should be manipulated to fall within the identified OSD range to ensure the normal functions of soil and water conservation in R. pseudoacacia forests. The results of this study serve as a guide for optimizing the stand density of low-efficiency R. pseudoacacia forests in China.
The optimization of stand density should be oriented towards improving ecosystem service functions. Most previous research focused on the optimization of stand density through the water balance principle [24, 25] . Some studies considered different landform types to explore suitable stand density values for different micro-topographies [26] . Other studies optimized stand density for the control of soil erosion or forest management [27, 28] . The water balance principle mainly considers the balance of water input and output, i.e., the balance between precipitation and interception by the canopy, retention by litter, surface runoff, belowground runoff, sediment runoff, soil water storage, soil water infiltration, evaporation, and vegetation transpiration [29, 30] . Micro-landform type divisions mainly consider the slope, slope direction, elevation, slope position, and soil texture type because these are the main factors that reflect the moisture distribution [31, 32] . Previous studies on the optimization of stand density mainly focused on moisture distribution. Furthermore, the normal growth of stands requires sufficient available water and nutrients. The soil moisture and soil nutrient content depend on site conditions; therefore, both factors reflect the suitability of the site conditions [33, 34] . In addition, their spatial distributions have important effects on the optimization of stand density; however, there are relatively few studies addressing the optimization of stand density based on the relationships among these three factors. In this study, the Caijiachuan watershed of the Loess Plateau in western Shanxi was selected as the study site and R. pseudoacacia was selected as the study species to explore the relationships between stand density and water and nutrient resources in R. pseudoacacia forestland.
Accordingly, the main objectives of this study were to (1) analyse the spatial distributions of water (soil moisture content (SMC), soil evaporation rate (SER), and vegetation transpiration rate (VTR)) and nutrients (total nitrogen (TN), total phosphorus (TP), total potassium (TK), calcium (CaCO 3 ) and organic matter content (OMC)) in R. pseudoacacia forestland based on the results of overall situation trend analysis and (2) determine the optimal stand density and its range in R. pseudoacacia forestland according to the results of a response surface analysis. We hypothesized that:
(1) The spatial distributions of soil water and soil nutrient resource affects the distribution of stand density of R. pseudoacacia forest.
(2) There are the range of optimal stand density can maintain the balance of soil water and soil nutrient resource in R. pseudoacacia forestland.
Materials and Methods

Experimental Design
Study Site
In this study, we established 176 standard plots (20 × 20 m 2 ) that included six stand densities (~500,~1000,~1500,~2000,~2500 and~3000 plants·hm −2 ) from June to September each year from 2017 to 2018 according to statistical information regarding R. pseudoacacia forestland provided by the Jilin Forestry Bureau of Linfen City, Shanxi Province, which accounts for almost all R. pseudoacacia forestland in this watershed ( Figure 1 ). 
Investigation of Standard Plots
Three soil sampling sites per standard plot (top, middle and bottom) were established to obtain soil samples by means of a soil auger to a depth of 4 m (one sample taken every 20 cm to represent the different layers) to measure the soil moisture content and chemical properties (TN, TP, TK, CaCO3 and OMC). Hence, 528 measured soil sample values were evaluated in this study.
Detection of Soil Nutrients and Soil Particle Sizes
The soil samples were ground, sieved, and digested at a high temperature to convert free ammonia and organic nitrogen to ammonium sulfate (NH4)2SO4 with perchloric acid before measuring the TN, and the different forms of phosphorus were converted into orthophosphate with perchloric acid before measuring the TP. The soil samples were assessed with an automatic chemistry analyser after processing. The soil samples were first alkali fused with NaOH, and then the TK was measured with a flame photometer. The volume of carbon dioxide measured according to the gas method was used to calculate the relative content of calcium carbonate. The potassium dichromate dilution heat method was applied to measure the OMC of the soil samples. Each experiment was repeated three times. Sampling way of detection of soil particle sizes is unlike to sample of detection of soil nutrients content. There are three standard plots were established for each stand densities (~500, ~1000, ~1500, ~2000, ~2500 and ~3000 plants·hm −2 ) to obtain soil samples to detect the soil particle sizes. The deep of soil profile is 100 cm in (one sample taken every 20 cm to represent the different layers), the soil particle sizes were detected with laser particle size analyser (S3500SI, Microtrac Inc., Orlando, FL, USA).
Monitoring of SMC, SER and VTR
A portion of the soil samples from each soil layer were placed in an oven for drying (filling approximately two-thirds of an aluminium box) to measure the SMC. The SER was measured with a soil column; the column was weighed every two hours from 8:00 to 18:00 and one more time at 8:00 
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Monitoring of SMC, SER and VTR
A portion of the soil samples from each soil layer were placed in an oven for drying (filling approximately two-thirds of an aluminium box) to measure the SMC. The SER was measured with a soil column; the column was weighed every two hours from 8:00 to 18:00 and one more time at 8:00 the next day. This process of soil evaporation and weighing was carried out for three consecutive days to obtain the average SER.
The SapIP system (Model TDP-10, Dynamax Inc., Arlington, TX, USA) was installed on three standard trees in each of the six stand densities to monitor the sap flow density with a thermal diffusion probe (TDP) from June to September each year from 2017 to 2018. We constructed Equation (10) to describe the relationship between the sapwood area and diameter at breast height according to the growth cone data from these standard trees to calculate the scale transformation between the transpiration rate of a single plant and that in a standard plot.
Statistical Analysis
The OMC was calculated using Equation (1):
where OMC represents the organic matter content (g·kg −1 ), C 1 is molar concentration of the FeSO 4 standard solution (mol·L −1 ), 0.003 is the molar mass of a quarter of a carbon atom (g·mol −1 ), 1.33 is the coefficient at room temperature, 1.724 is the conversion coefficient of organic carbon into organic matter. V 0 is the volume of FeSO 4 consumed in a blank controlled trial (mL), V is the volume of FeSO 4 consumed in the soil samples (mL), and m is the dry weight of the samples (g). CaCO 3 is calculated via Equation (2):
where CaCO 3 represents the total quantity of calcium (g·kg −1 ), C 2 represents the concentration of the standard solution of HCl (mol·L −1 ), C 3 is the concentration of the standard solution of NaOH (mol·L −1 ), V 2 represents the volume of the standard solution of HCl (mL), V 3 is the volume of the standard solution of NaOH (mL), and m 1 is the dry weight of the samples (g), t s is the ratio of the volume of the extracted solution to the volume of the measured solution.
The soil moisture content was calculated via Equations (3) and (4):
where w soil represents the soil moisture content of each soil layer in every standard plot (%), m 2 represents the total weight of the wet soil and aluminium box (g), m 3 represents the total weight of the dry soil and aluminium box (g), m 4 represents the weight of the aluminium box (g), and W soil represents the average soil moisture content across all standard plots (%). In this study, n = 20. The SER was calculated via Equations (5) and (6):
where E soil represents the SER in each standard plot (g·h −1 ), m 5 represents the weight of the soil column at Time t q (g), m 6 represents the weight of the soil column at Time t q + 1 (g), ∆t is the evaporation time, and E soil represents the average SER across all standard plots (%). In this study, q = 6. The vegetation transpiration rate was calculated via Equations (7)- (10):
A s = 1.0452 × H 1.6711 (8)
where Q represents the sap flow (cm 3 ), J s represents the sap flow density (cm 3 ·cm -2 ·h -1 ), As represents the sapwood area (cm 2 ), t is the time that the sap flow density was recorded, K is a dimensionless variable, d T is the temperature difference value associated with the thermal diffusion probe, and d TM is the maximum temperature difference value when the velocity of the sap flow is zero. An overall situation trend analysis was carried out using ArcGIS 10.1 (Environmental Systems Research Institute, Inc., Redlands, CA, USA). A response surface analysis was performed with SAS (version 9.1, SAS Institute Inc., Cary, NC, USA). SPSS software (ver. 25.0, SPSS Inc. Chicago, IL, USA) was used for all statistical analyses in this study. Basic information on standard R. pseudoacacia forestland is presented in Table 1 . 
Results
Spatial Distribution of Soil Water and Soil Nutrient Resources
Spatial Distribution of SD, VTR, SMC, and SER
The spatial distribution of stand density (SD), VTR, SMC and SER in R. pseudoacacia forestland is shown in Figure 2 . The results showed that the SD, VTR and SMC decreased from west to east and increased from south to north. The SD decreased at a rate of 4 plants·hm −2 per second of longitude and increased at a rate of 1 plants·hm −2 for every two seconds of latitude. The VTR of R. pseudoacacia forest increased at a rate of 5 × 10 −4 mm·L −1 per second of longitude and 3.45 × 10 −3 mm·L −1 per second of latitude. The SMC decreased at a rate of 2.49 × 10 −2 % per second of longitude and 2.2 × 10 −2 % per second of latitude. The SER increased from west to east and from south to north. The SER of R. pseudoacacia forest increased at a rate of 5.85 × 10 −4 g·D −1 per second of longitude and 1.5 × 10 −4 g·D −1 per second of latitude. 
Spatial Distribution of Soil Nutrients
The spatial distributions of soil nutrients in R. pseudoacacia forestland are shown in Figure 3 . The results show that the soil OMC, TN and TK presented the same decreasing trend from west to east and increasing trend from south to north. However, the spatial distribution of soil TP showed the opposite trends. The spatial distribution of soil CaCO3 showed a decreasing trend from west to east and from south to north. The soil OMC, TN, TK and CaCO3 decreased at a rate of 0.03 g·kg −1 , 0.001 g·kg −1 , 0.05 g·kg −1 , and 0.07 g·kg −1 with each second of longitude, respectively, while the soil TP increased at a rate of 5.88 × 10 −5 g·kg −1 . The soil OMC increased at a rate of 0.02 g·kg −1 per second of latitude, and that of both of soil TN and soil TK increased by 0.01 g·kg −1 ; however, the soil TK and soil CaCO3 decreased by 1.32 × 10 −3 g·kg −1 and 0.11 g·kg −1 , respectively. 
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Vertical Distribution of The Soil Water and Soil Particles
The vertical distributions of soil moisture content and soil particle size in R. pseudoacacia forestland are shown in Figure 4 and Table 2 . The results of vertical distribution of soil moisture content showed that the soil moisture content of topsoil layer (0-40 cm) higher than deep soil layer (40-400) in all R. pseudoacacia forestlands, and the variation rate of soil moisture content is approximately two percent in deep soil layer. The results showed that the soil moisture content (~11.6%) in R. pseudoacacia forestland (~1500 plants·hm −2 ) is higher than other R. pseudoacacia Figure 3 . Spatial distributions of soil nutrients (soil total nitrogen, soil total phosphorous, total potassium, soil CaCO 3 , soil organic matter).
Vertical Distribution of the Soil Water and Soil Particles
The vertical distributions of soil moisture content and soil particle size in R. pseudoacacia forestland are shown in Figure 4 and Table 2 . The results of vertical distribution of soil moisture content showed that the soil moisture content of topsoil layer (0-40 cm) higher than deep soil layer (40-400) in all R. pseudoacacia forestlands, and the variation rate of soil moisture content is approximately two percent in deep soil layer. The results showed that the soil moisture content (~11.6%) in R. pseudoacacia forestland (~1500 plants·hm −2 ) is higher than other R. pseudoacacia forestlands, while the soil moisture content (~7.3%) in R. pseudoacacia forestland (~500 plants·hm −2 ) is the lowest.
The results of vertical distribution of soil particles showed that soil type is loessal soil in all R. pseudoacacia forestland and sand content accounted for the largest proportion (higher than 65%). The soil particle results suggested that only the sand and silt were detected in R. pseudoacacia forestland (~500 and~3000 plants·hm −2 ), and both sand contents are higher by 90% and 85%, respectively. Additionally, the sand and silt as well as clay were detected in R. pseudoacacia forestland (~1000, 1500,~2000 and~2500 plants·hm −2 ), and the ratios of soil particles in R. pseudoacacia forestland (~1500 plants·hm −2 ) were relatively better than the other three R. pseudoacacia forestlands. This is one of the reasons that soil moisture content in R. pseudoacacia forestland (~1500 plants·hm −2 ) is the highest compared with the other five R. pseudoacacia forestlands. forestlands, while the soil moisture content (~7.3%) in R. pseudoacacia forestland (~500 plants·hm −2 ) is the lowest. The results of vertical distribution of soil particles showed that soil type is loessal soil in all R. pseudoacacia forestland and sand content accounted for the largest proportion (higher than 65%). The soil particle results suggested that only the sand and silt were detected in R. pseudoacacia forestland (~500 and ~3000 plants·hm −2 ), and both sand contents are higher by 90% and 85%, respectively. Additionally, the sand and silt as well as clay were detected in R. pseudoacacia forestland (~1000, ~1500, ~2000 and ~2500 plants·hm −2 ), and the ratios of soil particles in R. pseudoacacia forestland (~1500 plants·hm −2 ) were relatively better than the other three R. pseudoacacia forestlands. This is one of the reasons that soil moisture content in R. pseudoacacia forestland (~1500 plants·hm −2 ) is the highest compared with the other five R. pseudoacacia forestlands. The soil nutrients in this study, SMC, SER and VTR, were statistically analysed, and the results are shown in Table 3 . The maximum, minimum and average stand density of R. pseudoacacia forest in the study area were 3400 plants·hm −2 , 350 plants·hm −2 , and 1499 plants·hm −2 , respectively. The maximum, minimum, and average VTR of R. pseudoacacia forest were 1.93 mm·L −1 , 0.43 mm·L −1 and 0.91 mm·L −1 , respectively. The maximum, minimum, and average SMC of R. pseudoacacia forestland in the study area were 33.97%, 5.66%, and 11.54%, respectively. The maximum, minimum, and average SER of R. pseudoacacia forest in the study area were 0.52 g·D −1 , 0.03 g·D −1 and 0.1 g·D −1 , respectively. The soil CaCO 3 of R. pseudoacacia forestland showed the largest content among all soil nutrient indicators, with maximum and minimum values of 94 g·kg −1 and 13 g·kg −1 and an average value of 45.6 ± 1.12 g·kg −1 . The lowest values were for soil TN and TP, with maximum and minimum values of 2.63 g·kg −1 and 1.99 g·kg −1 for TN, respectively, and 0.06 g·kg −1 and 0.03 g·kg −1 for TP, respectively. The average TN and TP values were 0.60 ± 0.03 g·kg −1 and 0.56 ± 0.02 g·kg −1 , respectively. 
Relationships between Stand Density and Water and Nutrients
Exploring the relationships between soil water/nutrients and stand density, slope, tree height, diameter at breast height, forest age, and leaf area index will provide a clear and useful guide to optimal stand structure. The results are shown in Table 4 . The soil TK, soil CaCO 3 , SMC, SER and VTR showed significant positive relationships with stand density at the 0.01 level. The correlation coefficients were 0.910 **, 0.686 **, 0.243 **, 0.710 **and 0.761 **, respectively. The soil OMC showed a significant positive relationship with stand density at the 0.05 level, with a correlation coefficient of 0.148 *. Additionally, the soil TK, soil CaCO 3 , SMC, SER showed significant positive relationships with leaf area index at the 0.01 level. The correlation coefficients were 0.337 **, 0.201 **, 0.338 ** and −0.314 **, respectively. Significant interactions were observed between the nutrient and water indexes evaluated in this study and stand density as well as leaf area index. When the stand density is optimized, it will also affect the leaf area index, and optimizing stand density has strong manoeuvrability. Therefore, to further explore the quantitative relationships among these three types of variables, a quantitative analysis was conducted. The results of the response surface analysis of the soil nutrients, SMC, SER and VTR, suggested that the optimal stand density (OSD) ranged between 940 and 2386 plants·hm −2 and the average OSD was 1594 plants·hm −2 ( Figure 5 ). The proportion of standard plots with an unreasonable stand density accounted for 35.29% of the plots based on the above results; and 65% of these plots had a stand density that was higher than the maximum OSD while 35% had a stand density that was lower than the minimum value. Therefore, the existing stand density should be manipulated to fall within the range of the OSD to ensure the conservation of soil and water in R. pseudoacacia forest. 
Determining the Optimal Stand Density and Its Ranges for R. pseudoacacia Forest
The results of the response surface analysis of the soil nutrients, SMC, SER and VTR, suggested that the optimal stand density (OSD) ranged between 940 and 2386 plants·hm −2 and the average OSD was 1594 plants·hm −2 ( Figure 5 ). The proportion of standard plots with an unreasonable stand density accounted for 35.29% of the plots based on the above results; and 65% of these plots had a stand density that was higher than the maximum OSD while 35% had a stand density that was lower than the minimum value. Therefore, the existing stand density should be manipulated to fall within the range of the OSD to ensure the conservation of soil and water in R. pseudoacacia forest.
Figure 5.
Determining the optimal stand density and its ranges for R. pseudoacacia forest.
Discussion
Effects of SMC, SER, and Soil Nutrients on Stand Density
On the Loess Plateau in western Shanxi, which has an average annual rainfall of only 575.9 mm, particular micro-site conditions formed more than 20 years ago due to serious soil erosion, and they led to variations in the soil moisture distribution. The results of this study indicate that the average SMC of R. pseudoacacia forestland was 11.54 ± 0.36% (Table 3) , which is similar to the results found by Chang [35] and Hou [36] . Previous studies indicated that the SMC is a limiting factor that affects the 
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Effects of SMC, SER, and Soil Nutrients on Stand Density
On the Loess Plateau in western Shanxi, which has an average annual rainfall of only 575.9 mm, particular micro-site conditions formed more than 20 years ago due to serious soil erosion, and they led to variations in the soil moisture distribution. The results of this study indicate that the average SMC of R. pseudoacacia forestland was 11.54 ± 0.36% (Table 3) , which is similar to the results found by Chang [35] and Hou [36] . Previous studies indicated that the SMC is a limiting factor that affects the normal growth of R. pseudoacacia on the Loess Plateau [3, 9] . Our results also suggest that there is a significant relationship between the SMC and stand density distribution, with a correlation coefficient of 0.243 ** (Table 4 ). Many life activities of plants require water as a medium, and they include respiration, photosynthesis, resource competition and metabolism; thus, the water use strategies of vegetation are particularly important. Liu [37] used hydrogen and oxygen isotopes (δ 2 H and δ 18 O) to demonstrate that plants mainly use soil moisture in the maintenance of life activities, and they reported the important finding that plants absorb soil moisture from the topsoil layer when water resources are sufficient but switch to deeper soil layers once the soil moisture in the topsoil layer is deficient. From an ecological hydrology and plant physiology perspective, when the soil moisture is sufficient, the induction of hydrotropism will lead deep-rooted vegetation root systems to constantly produce more fine roots to advance their water-absorption capacity [38, 39] . Furthermore, the moisture content in different soil layers is relatively stable because of the influence of soil porosity. When the SMC is at a low level, a dry soil layer will form, which hinders the absorption of moisture by the root system [40, 41] . Plants have the ability to adapt to the environment [42] and will limit the growth of branches to reduce the number of leaves, thereby decreasing vegetation transpiration, to maintain normal life activities. At the same time, the number of fine roots will also decline under insufficient SMC, thus reducing the ability of the vegetation to absorb water.
The SER is an important factor that influences stand density [43, 44] . The results of this study show that there is a significant correlation between soil evaporation and stand density (R = 0.710 **) ( Figure 2 , Table 4 ) and the SER is one of the main variables affected by the SMC [45] . This study suggests that the SER is 0.1 g·D −1 in R. pseudoacacia forestland on the western Loess Plateau (Figure 2 , Table 3 ) and represents an important factor influencing vegetation degeneration and soil desiccation; this finding is consistent with the findings of Shangguan [46] . Additionally, because the SMC was insufficient for a long time, this lack of soil moisture will affect the normal growth of vegetation and cause the individuals of R. pseudoacacia in the forest to be small in size with slow growth and exhibit different degrees of spike top and even the death of whole plants. Moreover, such effects of low soil moisture caused differences in the stand density and led to low-efficiency forests. In this study, a response surface analysis was carried out to optimize stand density and the results show that the OSD averages 1594 plants·hm −2 and ranges between 940 and 2386 plants·hm −2 ( Figure 5 ). These results are similar to the results of Zhang [47] .
From a plant nutrition perspective, the needs of vegetation are the same as those of human beings. In addition to the requirement of water as a medium to complete a series of life activities, plants also need materials to provide energy to synthesize plant organs and complete various life activities [48] . Nitrogen, phosphorus and potassium are three important and necessary nutrient elements in the process of vegetation growth [49] , and when they are at low concentrations in R. pseudoacacia forestland, the vegetation will be malnourished (with small individuals, slow growth, different spike top degrees, and even whole plant death), which is similar to the effects of a lack of SMC. The results of this study show that the average contents of TN, TP and TK were 0.60 ± 0.03 g·kg −1 , 0.56 ± 0.02 g·kg −1 and 17.96 ± 0.64 g·kg −1 , respectively (Figure 3 , Table 3 ), which are similar to the results of Song [50] . According to the standard of soil fertility classification for the second national soil survey in China, it can be concluded that the R. pseudoacacia forestland nutrient content found in this study (0.5-0.75 g·kg −1 ) is too low and not conducive for the normal growth of R. pseudoacacia forest. In addition, the content of soil calcium is an important index of soil hardness [51] . Excess calcium content causes the soil structure to harden, thus preventing the transport of water and nutrients and leading to small individuals, slow growth, different degrees of spike top, and even the death of whole plants. The results of this study suggest that the average content of soil calcium was 45.6 ± 1.12 g·kg −1 (Figure 3 , Table 3) , and according to the standard of soil fertility classification for the second national soil survey in China, it can be concluded that the soil calcium content (≥1 g·kg −1 ) in R. pseudoacacia forestland in the study area was too high. In addition to low SMC, the calcium content is also an important factor that causes vegetation degeneration and soil desiccation [51] .
Effects of the VTR on Stand Density
The VTR is one of the most important factors affecting the stand density distribution [52, 53] . The results of this study show that there is an extremely significant correlation between the VTR and stand density, with a correlation coefficient of 0.761 ** (Table 4 ). Higher VTR values indicate greater water consumption by vegetation, and higher soil water consumption rates indicate that the soil is more prone to drought, which is especially obvious during the dry season. Guo [54] reported that the VTR in R. pseudoacacia forest was 1.20 mm·L −1 , which greatly accelerated the rates of soil water consumption and degradation. The current study showed that the VTR is 0.91 mm·L −1 in the R. pseudoacacia forest in loess region of western Shanxi Province (Figure 2 , Table 3 ), which is similar to the value found by Guo. This value suggests that the stand density of R. pseudoacacia forest in loess region of western Shanxi Province is too high. Further optimization of the stand density is critical to reducing water consumption and ensuring the normal growth of R. pseudoacacia forest and thus improving the stand structure and its soil and water conservation functions. In an ecosystem, matter can be recycled while energy cannot [55] . Leaves, stems, bark, flowers, fruit and roots eventually fall to the ground and are returned to the soil for reabsorption and use by vegetation in an absorbable ion state after microbial decomposition [56, 57] . The amounts of litter and nutrients directly affect the nutrient pool of R. pseudoacacia forests and then affect the life activities of the vegetation [58, 59] .
Conclusions
This study analysed the distribution of all indicators of stand density and water and soil nutrient resources, i.e., soil total nitrogen, soil total phosphorus, soil total potassium, soil organic matter content, soil moisture content, soil evaporation rate and vegetation transpiration rate, in R. pseudoacacia forestland based on forest survey and observational data. We also identify the optimal stand density and its corresponding range for low-efficiency R. pseudoacacia forests on the Loess Plateau in western Shanxi based on the results of a response surface analysis. The results of the overall situation trend analysis showed that the stand density, soil moisture content, soil evaporation rate and soil nutrients of R. pseudoacacia forestland presented low values in the southwest and high values in the northeast while the vegetation transpiration rate of R. pseudoacacia forestland presented low values in the southwest and high values in the northeast. The results of the correlation analysis showed that the soil total nitrogen, soil CaCO 3 , soil moisture content, soil evaporation rate and vegetation transpiration rate had significant effects on the distribution of stand density. The results of the response surface analysis indicated that the OSD averaged 1594 plants·hm −2 and ranges from 940 to 2386 plants·hm −2 on the Loess Plateau of western Shanxi.
